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MATERIAL SEPARATION DEVICE 

5 The present invention relates to a device and to a method for separating 
materials (e.g. biomolecules). It finds particular although not exclusive 
application in microchannel voltage switching, for instance for use in 
electrophoresis. 

10 Electrophoresis is a technique knoAvn for use in the laboratory to separate 
charged entities such as molecules. For example, DNA fragments can be 
sieparated out in this way. If an electric current is applied to a sample carried in 
a microchannel, the sample can be caused to migrate along the microchannel. 
In doing so, different constituents will migrate at different speeds so that the 

15 sample will separate out into constituent molecular bands positioned at varying 
distances along the microchannel. 

The invention is not limited to molecular separations using electrophoresis, and 
is equally applicable to the separation of molecules or other components which 
20 are flowing in some other way along a channel. In the preferred embodiment, 
however, we are typically interested in the separation of DNA fragments, RNA 
fragments and/or proteins, witii the separation and/or analysis being carried out 
in real-time. 

25 A branched microchaimel is, as its name suggests, a channel which branches 
into more than one channel. As the constituent molecular bands of a sample 
migrate along the microchannel, any one band will reach the branch point at a 



wo 2004/005910 



PCT/GB2003/002926 



2 

particular time. By applying an appropriately directed and timed potential 
difference at the branch point, the band currently migrating past that branch 
point can be selectively switched to migrate into a side channel. 

5 A problem arises with this known arrangement when there is a need to change 
the potential difference at the branch point relatively rapidly, for instance to 
switch the next constituent molecular band into a different channel. There is a 
risk that at least the tail end of the constituent molecular band which has just 
been switched into a side channel will start to migrate back to the branch point 

10 and may leave the side channel again. Altematively, the leading edge of the 
following constituent molecular band may start to follow the previous band into 
the same side channel. These effects can lead to cross-contamination of fee 
separated constituent molecular bands. 

15 According to a first embodiment of ttie present invention, there is provided a 
separating device for separating components flowing along a channel, the 
device comprising a main channel branched at a branch point, connected to at 
least two subsidiary channels, and switchable voltage control means for 
controlling a voltage in the region of the branch point to . provide potential 

20 differences of opposing polarity along subsidiary channels such that 
components to be separated are caused to flow from the main channel into a 
selected subsidiary channel. 

For instance the voltage control means can be arranged to provide a short 
25 section along a furst subsidiary channel which has a negative potential 
difference in a direction away from the branch point, and a short section along a 
second subsidiary channel which has a positive potential difference in a 
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direction away from the branch point. Negatively charged components will be 
driven into the second subsidiary channel under these conditions and blocked 
from entering the iBrst subsidiary channel. 

5 Embodiments of the present invention can be used to provide fast switching 
between collection channels for components with littiie cross-talk and thus 
precise collection of a component. 

In an airangement as just described, extremely good separation can be achieved 
10 between constituent molecular bands. At the moment of switching to apply the 
negative potential difference to the short section of the first subsidiary channel, 
a clean separation will be achieved between negatively charged components 
either side of the end of the short section. Negatively charged components 
which are still travelling within the short section will be driven back again to 
15 the branch pomt while negatively charged components which have already 
travelled beyond the short section will continue along the subsidiary channel (or 
vice versa). 

The separation device may be fabricated in different ways. For instance, it 
20 might be constructed using a channel structure microfabricated into a chip. 
Alternatively, it might be provided as a branched capillary structure. The 
fabrication technique is likely to affect the suitable dimensions of a device and 
thus terms such as "short section" and "in the region of the branch point" will 
mean sUghtly different things in different circumstances. Typically, where a 
25 branched microchannel has been fabricated on a chip, these terms indicate a 
physical distance of the order of a few millimetres. In the case of the branched 
capillary structure, these terms indicate a physical distance of the order of a few 
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separated. Theuseoia uo :„ ^iaration behaviour due to 
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inlhere^on of the branch point 

♦ . .eoaratiBE device comprises a voltage source for 
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The method may further comprise reversing the polarity presented by the 
electrical potential difference applied to the selected branch channel, and 
reversing the polarity presented by the electrical potential difference applied to 
5 one other branch channel at the branch point, so as to change the selected 
branch channel from a first to a second branch channel. 

A system for selecting the path of material flowing in an electrophoresis 
channel will now be described as an embodiment of the present invention, by 
10 way of example only, with reference to the accompanying figures in which: 

Figure 1 shows schematically a branched microchannel for use in 
electrophoresis; 

Figure 2 demonstrates a problem which can occur with the branched 
microchannel of Figure 1; 
15 Figure 3 shows schematically a set of connection points for use in applying a 
reverse voltage to the branched microchannel in order to avoid or ameliorate the 
problem of Figure 2; 

Figure 4 shows schematically a Zener diode chain for use in the arrangement of 
Figure 3; and 

20 Figure 5 shows an alternative arrangement for applying a reverse voltage using 
the connection points of Figure 3. 

In electrophoresis, charged particles such as biomolecules move through a 
medium along a channel under the influence of an applied electric field. The 
25 channel can for instance be microfabricated on a chip, or might be a branched 
capillary tube. A voltage difference is applied between the ends of the channel. 
Charged particles inserted into the channel at one end (determined by the 
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J the channel under the influence of the elecmc 1. 
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rl^ng a potential difference along it (not sho™). A stem portion 0 is 
T! . e end A. the other end, it branches into two side channels 110. 
,5 earthed a. on e ■ ^ .de channel, or 

^crochannel 100 Typic ^^^^ ^^^„„3 

be about 50^ wide and 200pm deep, ts The branch lines 

approximately e<pal to that of the stem portion 105. 
L^bedesirableforthebifhrcationtobetoacertaineKtentrounded. 
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of the molecules from one side chaimel to 
.aechanneinS. ^^^^^J ^ 

another, as shown in Bgure 2 m y ^^^^^^^^^^^ ^^^^^^^^^ ^ 

slightly rounded (rather than bemg sharp as 

drawing). 
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ti.e needs of the case at hand: somebmes greater pnrrty 
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channel 110. 

5 . ^ ^eV mPTitioned above, a reverse 

switch of the voltage "HV". 
10 .J v^«,»v.P.« 110 115 are shown in 

1 or,^ 9 a switching system can be usea so u 
Figures 1 and 2, a swnciuus j ^ ^ oi,aTinels The reverse 

ao^ any one of a co™p>ex con g^- » — 
.o«ase is a^«ea .o eve. -^^^^ '"^^ J ^r,... 

be extended to any boohed sm.cture by o ^ i„,^„^ 
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singly by mergu,g.ogeiherftexes«ltantbranch channel.. 

, ,h» reverse voltage drop is applied between a point "B" 
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3.thevoltagesatthepoints A , 'B ana o 
A < B < C 

. 1 ^ntotherighthandsidechannelllOasshovminFigure 
3,the voltages atthepoints A , B ana 
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. be used a constant ounent power supply, since the power 
anengementcanbeusedw. T^,tisofcoo.«.notthecasewherea 
toissimaarwhicheversideischosen. mt^otco 
Z,^ diode chain 400 is used, -has that showninF.^4. 

3 ^c...w,^theWhed.nicroc^-.^^ 

r-=:r:— ^^^^^ 
:rorrar=:-=^=^^^r7-- 

,0 ra;lverysnhs.antial,yreducedi„«-.astheteehnolo.ae,e,ops. 

A +inn volts where the branched 
T^e HV supply will no,u,ally he around .100 vol. ^ 
™crocha»>el has been fabricated on a ch,p and up to +5000 
OTibodiment using abitecated capillary. 

^ebac..vo..ageappliedbetween.hepoin.s'-A»and"B",orhe«.een"C"and 
"B", is of the order of tens of volts. 

. Sin., approach to .y of those described above c. he used to deal with 
20 repeated bifurcations to the channels. 

It a detector is placed underneath the chip or the capillary, the ntovement of the 
into a side channel for fhrther investigahon wtole ^ ^ ^. 
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